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Objective

Are passive remote sensed clouds (MODIS)
comparable to actively sensed clouds (ARM
and CC radar-lidar)?

. Data: CERES ED4 SYN1deg (passive), ARM and
CCCM radar-lidar (active).

« Time period: March 2000 to December 2010 for
both ARM and CERES. 2007-2010 for CCCM.

» Focus on cloud fraction (CF).
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Both ARM and CERES follow the same seasonal variation,
decrease from spring to summer and increase from summer
to fall.

CERES CFs are consistently lower than ARM ones (~ -7%)



High (>9km) and Low (<3km) CFs

High Cloud Fraction Seasonal Cycle ~ "Low" Cloud Fraction Seasonal Cycle

T T T T T T T T T N T T T T T T T T T T T

B ARM-- 0 B ARN-- 12.4

" B CERES- 11 " B CERES-- 129
3 o
2 S
0 0
8 15 g 15
L L
T o]
310 3 10
0 0
5 5
0 0

JFMAMUJJASOND JFMAMUJJASOND

> Both CERES high and low CFs higher than ARM CFs;

> |If some optically thin high clouds above low level cloud, then ARM
“LOW”=LOW+HOL CF is only ~0.5% lower than CERES “LOW” CF



Profiles of CFs from ARM and CERES
A

— CERES « Using maximum cloud-
top heights from ARM,
CERES and CCCM

« Comparing to ARM CFs,
=» CERES has positive
biases in both high and
low clouds, but negative
bias in middle clouds,
consistent to high and
low CF seasonal
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CF comparisons between ARM, CERES and CCCIV
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« CCCM and ARM CFs agree within 3%=>Radar-lidar from space and
surface can observe similar clouds, but CCCM detected more optically
thin high clouds.

« Both ARM and CCCM are 7-10% higher than CERES-MODIS=» passive
remote sensing does miss some clouds, such as middle clouds.



Arctic CFs from CERES Ed4, CCCM and ARM
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ARM, CM Ed4 Cloud Occurrence Frequency at NSA

03/2000 - 12/2010

¢ ARM Total: 80.0 ¢ CM Ed4 Total: 75.0
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= CERES is 5% lower than ARM
=2 CCCM is 6.3% lower than ARM because low clouds are dominant over
Arctic while CCCM missed some clouds <1 km.
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ARM, CCCM Cloud Occurrence Frequency at NSA

01/2007-12/2010

ARM Total: 79.0 4 CCCM Total: 72.7
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Do MODIS and CC observe same amount of clouds?

100

All clouds, CF_CM=62% . All clouds, CF_CC=74%
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For tau>0.3 clouds, CF_CC=63%
~ 10% difference is due to i i i P S Bk
optically thin clouds (tau<0.3) T it
detected by CALIPSO, but not N g
observed by MODIS and et "
simulated by models. ﬁi} )
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Conclusions

. Both ARM and CERES follow the same seasonal
variation, but CERES CFs are consistently lower
than ARM ones (~ -7%)

« Comparing to ARM CFs, CERES has positive
biases in both high and low clouds, but negative
bias in middle clouds; CCCM detected more
optically thin high clouds.

« CCCM and ARM CFs agree within 3%, ARM missed
some optically thin clouds, while CCCM missed
some low-level clouds.
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* Purpose:

» To statistically characterize CERES GEO cloud
property retrievals of low-level water clouds
over land vs. ARM ground-based observations
and retrievals

« Compare GOES East and West retrievals to
investigate viewing/solar geometry effects

* Motivation:
 McHardy et al. (2018) found some geometric
biases in long-term record of GOES SatCORPS
(from ARM data archive)
* Unique opportunity to study effects of viewing/

solar geometry using long-term ARM and
CERES GEO cloud properties




Data

. CERES GEO (~8km) every hour
. DOE ARM SGP surface data (every 5 min.)
. 2000 - 2010 (will add — 2015 later)

Cloud Property Full Name Uncertainty Instrument and Retrieval Algorithm
ARM Ty, and Cloud base and top . Merged Sounding [Troyan et al.,
0.2°C
Tiop temperature (K) 2012]
ARMT, Cloud droplet effective ~10% for daytime Dong et al. [1997, 1998, 2002]
radrus (um)
ARM 1 Cloud optical depth ~5-10% for daytime Dong et al. [1997, 1998, 2002]
ARM LWP Cloud liquid water path (g 0% Microwave radiometer [Liljegren et

m‘z)

al., 2001 ]




Data Processing

» Collocation:

« GOES data spatially averaged within 0.3°x0.3° box
centered on the ARM SGP site (~ 36.6N, 97.5W)
 ARM data temporally averaged *30 min of GOES

scan
« Data Filters (to allow only low-level water clouds):
* Ildentified by MMCR as low-level clouds (top < 3 km)
« Daytime only (SZA < 82°)
« ARM cloud base temp. > 250K
* GOES (box mean) H i < 4km
 GOES cloud fraction within box = 1
 Both GOES E and W have valid data
« Snow days removed based on sfc albedo > 0.5
« MWR LWP < 500 g m™




Data Density

Data Density

GOES W and E effective cloud temp vs. ARM cloud-top Temp.
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Data Density

Effective cloud temp comparison: GOES W vs. E.

Daytime Cloud Temperature
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Cloud Microphysics Comparlson- GOES W vs. ARM
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0.00

700
a . v A raehhar Q/ZNID ... N e e e e d e f C) . . ) . .
T HugherSZA?% N O Lo Eat
E [ .. T 600 - -t-erraere e
S0 wow e c 120 L I T T L4
o [ LY S Y IS . ‘.“ F L at R
% - ™ : IR = PP A S 500:
B | I | —_— n [@)] -
T 15 'n ol Y AEERT I w -\ ' > C
o F LY S W T S o 400
2 - om | s o C " TN/ 2 -1
5. [ . Lo ot /L P
E 10 R - ., 2 60 R 2 300 -
- (n L 'q:lil ll [ : CL/L)I L =
=4 i Il g L :':|,l T O 200 F-»
) i ' . . Q 40 1, N i T T 15, -
8 5 .- /- mn:. ..T'.S‘?S....‘... . ) B Il S C
- ' . | R°=0085 F . R S Y 100 F
© i GW—106/27 20: Tt \GW =261/234 n
-||||||||||||| 7 ' 5 2014
0 5 10 15 20 25 0 20 40 60 80 100 120 140 0
ARM Effective Radius (um) ARM Optical Depth
0.10 1.0 0.100 , - e 1.0 0.100 , , ——F = 1.0
e et T
K 4 L :f;": 4
0.08 8 ~08 N L)
0.06 06 S Y 0 Jos
0.050 -} - - oo ] 0.050 BRl- 4 - -5 - r ]
0.04 0.4 —0.4 —04
0.025 0.025 fIth -+ Bp - he oo -
0.02 0.2 : : : : —0.2 —0.2
j ¥ b Ll :
| NN
0.0 0.000 156).0 0.000

0 25 50 75 100 125 0 100 200 300 400 500 600 70
Effective Radius (um) Optical Depth LWP (gm ™

High biases in GOES E retrieved re, tau and LWP

—_
($;]

—_
o

Data Density

(8]

I I >

o

Cumulative Frequency



Cloud Microphysics Comparison: GOES E vs. ARM
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GOES E Effective Radius (um)
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Dependence of GOES-E retrievals on Scattermg angle (SA)
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Further Investigation of dependence of GOES-E retrievals

« Data first binned by SZA (3 equal sized bins)
 Then binned (3 equal sized) by

“heterogeneity parameter”: Low, Medium, High
* Error bars = standard dev.

Y-axis: GOES West — ARM, ”Heterogegeitv
GOES East — ARM / parameter
std(W Ruvis)
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ATau increase with SZA, also vary with cloud heterogeneity



Binned by SZA and Stdadew{usible Reflectance)
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E tau - ARM tau

W tau - ARM tau
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(GOES W — GOES E) Tau binned by SZA and Std dev (ARM CTH)

std(W CTH)
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Conclusions:

* GOES E and W very well correlated with each
other (except maybe r_), but GOES E Tau >
GOES W Tau by ~2 — needs further

investigation
*R.- high bias for low SA;
Tau- high bias for high SZA

 Samples where GOES W >> GOES E
preferentially occur in the evening, while the
opposite preferentially occurs in the morning
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Total Cloud Fraction (CF)

Cloud Fraction Seasonal Cycle
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. Both ARM and CERES follow the same seasonal variation,
decrease from spring to summer and increase from summer
to fall.

« CERES CFs are consistently lower than ARM ones (~ -7%)
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Area of Focus Over SGP
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Daytime Vertical Distribution

Cloud Vrtical Distibution
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